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DETAILED ACTION 
Drawings 

1 . The drawings are objected to as failing to comply with 37 CFR 1 .84(p)(5) 
because they do not include the following reference sign(s) mentioned in the 
description: 20 in Figure 1 (page 5, [0019]). 

Corrected drawing sheets in compliance with 37 CFR 1.121(d) are required in 
reply to the Office action to avoid abandonment of the application. Any amended 
replacement drawing sheet should include all of the figures appearing on the immediate 
prior version of the sheet, even if only one figure is being amended. Each drawing sheet 
submitted after the filing date of an application must be labeled in the top margin as 
either "Replacement Sheet" or "New Sheet" pursuant to 37 CFR 1.121(d). If the 
changes are not accepted by the examiner, the applicant will be notified and informed of 
any required corrective action in the next Office action. The objection to the drawings 
will not be held in abeyance. 

Claim Rejections - 35 USC § 102 

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

3. Claims 1,8-11, 18-21 are rejected under 35 U.S.C. 102(b) as being anticipated 
by Davis (US 6,346,702). 
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1) . With regard to claim 1, Davis discloses an optical system (Figure 2B) 
comprising: 

a source (BROADBAND SOURCE 12 in Figure 2B) for producing optical signals; 

an optical waveguide (Form the coupler 14 to FBG 18 in Figure 2B) having a 
noise producing element (connectors, splicers or imperfections in the FBG itself, column 
1 line 40-41) and an optical filter element (the FBG 16 or 18 in Figure 2B); 

a receiver for (20 in Figure 2B) converting applied optical signals into electrical 
signals; 

a coupler (14 in Figure 2B) for coupling said produced optical signals into said 
optical waveguide and for coupling reflections from said noise producing element and 
from said optical filter element to said receiver (20 in Figure 2B) as applied optical 
signals (column 3 line 59-64); and 

a noise reduction system (the combination of 32 and 34 in Figure 2B) for 
removing noise produced by said noise producing element from said electrical signals 
(column 4 line 16-67). 

2) . With regard to claim 8, Davis discloses wherein the optical filter element 
includes a fiber Bragg grating (FBG 16 or 18 in Figure 1B). 

3) . With regard to claim 9, Davis discloses wherein the optical waveguide 
includes a discontinuity (connectors, splicers or imperfections in the FBG itself, column 
1 line 40-41). 

4) . With regard to claim 10, Davis discloses wherein the discontinuity is a splice 
(splicers, column 1 line 40-41). 
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5) . With regard to claim 1 1 , Davis discloses a sensor comprising: 

a source for producing optical signals (BROADBAND SOURCE 12 in Figure 2B); 

an optical waveguide (Form the coupler 14 to FBG 18 in Figure 2B) having a 
noise producing element (connectors, splicers or imperfections in the FBG itself, column 
1 line 40-41) and an optical filter element (the FBG 16 or 18 in Figure 2B); 

a receiver (20 in Figure 2B) for converting applied optical signals into amplified 
electrical signals; 

a coupler (14 in Figure 2B) for coupling said produced optical signals into said 
optical waveguide and for coupling reflections from said optical waveguide as applied 
optical signals to said receiver (column 3 line 59-64); and 

a signal processor (the combination of 32 and 34 in Figure 2B) for removing 
noise produced by said noise producing element from said electrical signals. 

6) . With regard to claim 18, Davis discloses wherein the optical filter element 
includes a fiber Bragg grating (FBG 16 or 18 in Figure 1B). 

7) . With regard to claim 19, Davis discloses wherein the optical waveguide 
includes a discontinuity (connectors, splicers or imperfections in the FBG itself, column 
1 line 40-41). 

8) . With regard to claim 20, Davis discloses wherein the discontinuity is a splice 
(splicers, column 1 line 40-41). 

9) . With regard to claim 21, Davis discloses a method of compensating for optical 
reflection comprising: 

producing an optical signal (BROADBAND SOURCE 12 in Figure 2B); 
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coupling (14 in Figure 2B) the optical signal into an optical waveguide having a 
noise producing element and an optical filter element; 

converting (20 in Figure 2B) reflections along the optical waveguide into electrical 
signals; and 

removing noise (the combination of 32 and 34 in Figure 2B) produced by the 
noise producing element from the electrical signals such that the electrical signals from 
the optical filter element are retained (column 4 line 16-67). 

Claim Rejections - 35 USC § 103 

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

5. Claims 2, 12 and 22 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Davis (US 6,346,702) in view of Keown (US 4,143,350). 

Davis discloses all of the subject matter as applied to claims 1,11 and 21 above. 
And Davis teaches that the "variable threshold peak detection unit 32 determines the 
DC component of the background signal by performing two running averages along the 

spectral trace The local threshold value includes an overall minimum level term 

which is comparable to the noise level of the variable threshold peak detection unit 32". 
But Davis does not explicitly state wherein the noise reduction system or signal 
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processor averages broadband noise and then subtracts the averaged level from the 
electrical signals. 

However, the method of averaging the broadband noise and then subtracting the 
averaged level from the electrical signals is a well known method and widely used in the 
signal processing, such method is used by Keown to remove the background noise 
(ABSTRACT and column 6, line 6-1 5). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to apply the method of averaging noise taught by Keown 
to the system of Davis so that the broadband noise can be effectively suppressed and 
system performance is enhanced. 

6. Claims 3-6, 13, 14 and 23 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Davis (US 6,346,702) in view of Cooper et al (US 2002/0025097) and 
Chan (Chan et al: "Enhancement of Measurement Accuracy in Fiber Bragg Grating 
Sensors by Using Digital Signal Processing", CLEO 98, Technical Digest. Summaries of 
papers presented at the Conference on Lasers and Electro-Optics, 1998, 3-8 May 1998 
Page 311 -312). 

Davis discloses all of the subject matter as applied to claims 1,11 and 21 above. 
And Davis uses spectrum to analysis noise (Figure 3 and 4). But Davis does not 
explicitly disclose that (A) the noise reduction system performs a frequency analysis of 
the electrical signals to identify and further removes the periodic noise from the 
electrical signals; (B) the frequency analysis is a Fourier analysis; and (C) the periodic 
noise is removed by gating the periodic noise out of the electrical signals. 
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With regard to item (A) and (C), however, Cooper et al discloses a system in 
which the noise reduction system (20 in Figure 2 and 7) performs a frequency analysis 
(a standard optical spectrum analyzer, [0071]) of the electrical signals to identify and 
further removes the noise from the electrical signals. Cooper et al uses the frequency 
analysis and gating method to obtain a specific frequency and remove unwanted other 
frequency (Figure 4A - Figure 4C, [0071]). 

Although Cooper et al does not expressly state that the other frequency (e.g. the 
peak just on the left side of the 1553.4 nm in Figure 4A, which is shown in Figure 4C) is 
a "periodic noise", that peak is indeed a "noise" relative to the specific frequency 
component 1553.4 nm which is shown in Figure 4B; and since this "noise" is generated 
by another FBG, it is indeed a "periodic noise". Therefore, Cooper et al's system is fully 
capable to remove other periodic noise produced by connectors and splicers et al. And 
the wideband noise can be removed by gating the noise out of the electrical signals too 
(Figure 8, [0077]). 

With regard to item (B), it is well known that the Fourier analysis is one kind of 
frequency analysis, and the Fourier analysis has been widely used in digital signal 
processing and image processing. The frequency analysis and noise gating to remove 
background noise by eliminating Fourier components can be find in many textbooks and 
encyclopedia. Chan et al discloses such Fourier analysis to be used in the FBG (Figure 
1, Optical Spectrum Analyzer, and FTT analysis, page 311, center column). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to apply the frequency analysis and noise gating taught by 



Application/Control Number: 10/662,969 Page 8 

Art Unit: 2613 

Cooper and Chan et al to the system of Davis so that the noise can be efficiently 
identified and removed or gated out, and measurement accuracy can be enhanced. 

7. Claim 24 is rejected under 35 U.S.C. 103(a) as being unpatentable over Davis 
(US 6,346,702) in view of Keown (US 4,143,350) as applied to claims 21 and 22 above, 
and in further view of Cooper et al (US 2002/0025097). 

Davis in view of Keown discloses all of the subject matter as applied to claims 21 
and 22 above. And Davis uses spectrum to analysis noise (Figure 3 and 4). But Davis 
does not explicitly disclose wherein removing noise includes performing a frequency 
analysis and then gating out noise produced by the noise producing element from the 
electrical signals. 

Cooper et al discloses a system in which the noise reduction system (20 in 
Figure 2 and 7) performs a frequency analysis (a standard optical spectrum analyzer, 
[0071]) of the electrical signals to identify and further removes the noise from the 
electrical signals. Cooper et al uses the frequency analysis and gating method to obtain 
a specific frequency and remove unwanted other frequency (Figure 4A - Figure 4C, 
[0071]). 

Although Cooper does not expressly state that the other frequency (e.g. the peak 
just on the left side of the 1553.4 nm in Figure 4A, which is shown in Figure 4C) is a 
"periodic noise", that peak is indeed a "noise" relative to the specific frequency 
component 1553.4 nm which is shown in Figure 4B; and since this "noise" is generated 
by another FBG, it is indeed a "periodic noise". Therefore, Cooper et al's system is fully 
capable to remove other periodic noise produced by connectors and splicers et al. And 
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the wideband noise can be removed by gating the noise out of the electrical signals too 
(Figure 8, [0077]). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to apply the frequency analysis and noise gating taught by 
Cooper et al to the system of Davis and Keown so that the noise can be efficiently 
identified and removed or gated out, and measurement accuracy can be enhanced. 

8. Claims 7 and 15 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Davis (US 6,346,702) in view of Cooper et al (US 2002/0025097) and Chan et al (Chan 
et al: "Enhancement of Measurement Accuracy in Fiber Bragg Grating Sensors by 
Using Digital Signal Processing", CLEO 98, Technical Digest. Summaries of papers 
presented at the Conference on Lasers and Electro-Optics, 1998, 3-8 May 1998 Page 
311-312) as applied to claims 1, 3-5, 11 and 13, and in further view of Keown (US 
4,143,350). 

Davis in view of Cooper et al and Chan et al discloses all of the subject matter as 
applied to claims 1, 3-5, 11 and 13 above. And Davis teaches that the "variable 
threshold peak detection unit 32 determines the DC component of the background 

signal by performing two running averages along the spectral trace The local 

threshold value includes an overall minimum level term which is comparable to the 
noise level of the variable threshold peak detection unit 32". But Davis does not 
explicitly state wherein the noise reduction system or signal processor averages 
broadband noise and then subtracts the averaged level from the electrical signals. 
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However, the method of averaging the broadband noise and then subtracting the 
averaged level from the electrical signals is a well know method and widely used in the 
signal processing, such method is used by Keown to remove the background noise 
(ABSTRACT and column 6, line 6-15). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to apply the method of averaging noise taught by Keown 
to the system of Davis and Cooper et al and Chan et al so that the broadband noise can 
be effectively suppressed and system performance is enhanced. 

9. Claims 16 and 17 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Davis (US 6,346,702) in view of Kringlebotn (US 6,097,487). 

Davis discloses all of the subject matter as applied to claim 1 1 above. And Davis 
discloses a broadband source. But Davis does not disclose that the source includes a 
tunable laser; and the source includes a broadband light source and a tunable filter. 

However, Kringlebotn et al, in the same field endeavor, discloses a tunable laser 
or a broadband light source and a tunable filter (1 and 2 in Figure 1 , Figure 4 and 6, 
column 2 line 62-67). By using a tunable filter, a fixed F-P filter, and a reference * 
wavelength FBG, Kringlebotn et al constructs either a spectrum analyser with a high 
degree of wavelength accuracy, or a control system for a tunable laser or a multi- 
wavelength laser array to be able to control and set the wavelength of the tunable 
laser/wavelengths of the laser array with a high degree of repeatability and accuracy, 
typically <1 pm. 
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Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to apply a tunable laser or a broadband light source with a 
tunable filter taught by Kringlebotn et al to the system of Davis so that an accurate 
frequency/wavelength scale can be obtained and system performance can be 
enhanced. 

Conclusion 

10. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. 

Kersey et al (US 5,945,666) discloses a FBG sensor with optical spectrum 
analyzer. 

Chen et al (US 2004/0046109) discloses a method of sampling FBG sensors and 
a signal threshold value is used to remove background noise. 

Gardner (US 2004/0155794) discloses a FBG sensor and uses a adaptive filter 
and Fourier transform to remove periodic noise et al. 

Pieterse et al (US 20040245441) discloses a system and method for monitoring 
environmental effects using optical sensors with Fourier analysis. 

Zverev et al ("Optical Method for Separation of Signals from a Periodic Noise 
Background", Radiophysics and Quantum Electronics, Springer NY, Vol. 25, No. 2, Feb 
1982, pate 141-144) teaches a method to remove periodic noise by Fourier analysis. 
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Yadlowsky et al (US 2004/0052523) discloses a method and system for 
estimating the bit error rate in optical communication, and Fourier transform is used to 
frequency analysis. 

Kantorovich (US 2004/0078156) discloses a method to filter out random noise by 
averaging measurements. 

1 1 . Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Li Liu whose telephone number is (571)270-1084. The 
examiner can normally be reached on Mon-Fri, 8:00 am - 5:30 pm, alternating Fri off. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Ken Vanderpuye can be reached on (571)272-3078. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-100. 
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SUPERVISORY PATENT EXAMINER 




Li Liu 

October 1 1 , 2006 



